INTRODUCTION
The BRYAN high titre strain of Rous sarcoma virus (BH-RSV), once thought to be incapable of synthesizing virus progeny in the absence of helper viruses (Hanafusa, Hanafusa & Rubin, 1963) , was found to produce virus particles (Dougherty & Di Stefano, I965) whose infectivity was demonstrated by Vogt (I967a) and Weiss (I967) . In the preceding paper (Weiss, 1969 ) the host range of these particles, designated RSV(O), was described; it is different from that of other avian tumour viruses. Two types of RSV(O) have been identified (Hanafusa & Hanafusa, 1968; Weiss, 1969) : RSVp(O), which is infectious for quails, pheasants and some chickens, and RSVa(O), for which no natural host has been found. In this paper, the infectious form of the virus RSVfl(O) is further characterized by its interference and cross-neutralization patterns.
Avian tumour viruses may be broadly divided into sarcoma viruses, which produce solid tumours in vivo and transform fibroblasts in vitro, and leukosis viruses, which cause various kinds of leukosis in vivo and infect but do not transform fibroblasts in vitro. Avian tumour viruses are more precisely classified into sub-groups according to their host range (Vogt & Ishizaki, I965) and viruses within the same sub-group are also subject to mutual interference and to cross-neutralization by antisera (Vogt & Ishizaki i966; Ishizaki & Vogt, i966 ) . These three biological properties, host range, interference and antigenicity all reflect the same specificity of the virus envelope.
The capacity of leukosis viruses to interfere with RSV was discovered by Rubin, who identified a resistance-inducing factor (RIF) which proved to be a leukosis virus (Rubin, I96O, I960. Interference is caused by competitive occupation of host receptor sites, thereby blocking infection (Steck & Rubin, 1966) . When cells are infected by a leukosis virus after transformation by RSV, the leukosis virus acts as a helper virus, conferring its envelope characters on RSV by phenotypic mixing (Hanafusa, Hanafusa & Rubin, I964; Hanafusa, 1965) . Viruses with the same genomes and different coats are termed pseudotypes (Rubin, i965) . The virus envelope proteins which adhere to the host receptors are recognizable by their antigenicity. When these antigens are blocked or destroyed by antibodies the virus loses its specific affinity for the host receptor and infection does not take place.
Three sub-groups of avian tumour viruses, A, B, and C, are well characterized (Vogt, Ishizaki & Duff, I967) and there may be a fourth, D (Bauer & Graf, 1969; P. K. Vogt, personal communication) . Brown Leghorn chickens are susceptible to all four sub-groups, and as about 40% are also susceptible to RSVfl(O), Brown Leghorn embryos are particularly suitable for comparative studies with RSVfl(O).
METHODS
Viruses. The BRYAN high titre (BH-RSV) strain and SCFEVIIDT--RUPPIN (sR-RSV-B) strain of Rous sarcoma virus were kindly provided by Dr P. J. Simons; the HARRIS strain (H-RSV) by Dr R. J. C. Harris and sR-RSV-H (sub-group D) by Dr H. Bauer. Rous associated virus (RAV 0 was isolated from BH-RSV. RAV2, RAV5o. Lymphoid leukosis virus (m'RS x-LLV) and BAI strain A avian myelobIastosis virus (AMV) were kindly provided by Drs P. M. Biggs and L. N. Payne. Sub-group B components of field isolate WB I5 and measles vaccine contaminant MV2o/2 (Churchill, 1968) were kindly provided by Dr A. E. Churchill. All virus stocks were prepared in leukosis-free Brown Leghorn cells in vitro and BH-RSV pseudotypes were prepared from L-R line 6 as previously described (Weiss, I969) .
Embryos and birds. Chicks and fertile eggs from the Edinburgh Brown Leghorn strain were supplied by Dr J. G. Carr; Japanese quails were kindly provided by M. Lee, Beecham Research Laboratories.
Cell culture and RSVfocus assays were made as previously described (Weiss, I969) Brown Leghorn fibroblasts were preserved in culture medium containing lO% dimethylsulphoxide stored in liquid nitrogen according to the method of Dougherty & Rasmussen (1964) . Sample secondary cultures were assayed for susceptibility to RSV(O) while the remaining cells of each embryo were frozen. Cells were infected immediately after thawing or after subsequent passage without marked changes in sensitivity. Quail cells were also stored in liquid nitrogen.
Interference assays. Late interference was generally assayed 4 days after infection with the RIF at multiplicities of infection between lO -2 and I, and challenge RSV was added to monolayers 6 to 18 hr after subculture of cells. RIFs were titrated by end-point dilution for late interference 7 days and two sub-cultures following infection. Early interference was assayed as described by Steck & Rubin (1966) . Monolayer cultures were infected with RIFs in tris-buffered medium at 4 ° for 60 min. and challenged with RSV immediately after washing them twice with culture medium.
Antisera were prepared in Brown Leghorns, except for RAV ~ anfisera in White Leghorns and RSV (O) antisera in quails.
Using 4-to 6-week-old hens, approximately IO 6 infectious units of leukosis virus were inoculated intravenously or approximately 5 x IO s focus forming units (f.f.u.) of RSV of various strains were inoculated into the wing web. A few birds received a second inoculation in the opposite wing web following tumour regression. The birds were usually bled from the wing vein and a few birds with progressively growing tumours were exsanguinated by carotid cannulation. Quails were bled from the wing vein or by heart puncture. Following separation from natural clot the serum was stored below -25°.
Hens were immunized in isolation from other birds and only one virus was used at a time, except where hens were housed in a separate building supervised by different staff. Three different birds were immunized with each virus, and potent antisera from them were used for separate neutralization assays.
One sample of rI-RSV antiserum was kindly provided by Dr R. J. C. Harris and another by Dr P. M. Biggs. A sample of antiserum to SR-RSV-H was kindly sent by Dr H. Bauer.
RSV was neutralized in tubes with appropriate dilutions of antisera in tris-buffered medium for 4o rain. at 37 ° immediately before infection. Control virus was treated at the same temperature with calf serum or pre-immune chick serum in place of antiserum.
RESULTS

Interference patterns
The ability of sub-groups A, B and C leukosis viruses to cause interference with RSVfi(O) was tested, using RAV I, RAV2 and RAV5o as RIFs. Secondary cultures of C/O fibroblasts known to be susceptible to RSVfl(O) were infected with RAV at multiplicities of infection ranging from 0"05 to 0"5, and were challenged with RSV 4 days later (Table 0. RAVI I'5 to 9"0 < o"oi I'2 to 2" 5 0"9 to 2" 3 RAV2 <o'ot 0"2 to o'8 <o'oi o'5 to o'9 RAV5o 0"6 to 2"5 0"6 to I'4 0"2 to 0"6 < o'oI with RAV I or RAV5o did not cause interference but frequently enhanced the focus forming efficiency of RSVfl(O). Each RAV strongly interfered with its homologous RSV pseudotype. The weak interference with RSV(RAV2) by RAV5o may have been due to a sub-group B contaminant of the RAV 50 stock and, likewise, the weak interference with RSV(RAVI) by RAV2 may have been due to a sub-group A contaminant of RAV 2. However, RAV 2 was slightly cytopathic for chick fibroblasts and reduced focus forming efficiencies on cultures infected with RAV 2 may not have been due to specific interference. In order to investigate whether interference with RSVp(O) was common to subgroup B viruses generally, an experiment was set up to test three additional sub-group B RIFs and one additional sub-group A RIF (Table 2) . Residual focus counts were negligible, all the sub-group B RIFs tested therefore interfered strongly with RSV/~(O). 
Early interference on chicken and quail fibroblasts
The interference of RSVfl(O) by sub-group B viruses suggested a relationship of the RSVfl(O) envelope to sub-group B. However, host-range tests (Weiss, I969) did not reveal any relationship between the two groups; in particular, RSVfl(O) was infectious for quails, whereas sub-group B was not. In order to investigate whether sub-group B viruses had any affinity for receptor sites of RSV/?(O) on quail cells, early interference assays were made. Brown Leghorn and quail cells were infected at 4 ° with high concentrations of RAV I, RAV2 or AMV for I hr and were challenged immediately after washing with RSVfl(O) ( Table 3 ). The early interference assays revealed the same specificity as late interference on Brown Leghorns, though on quail cells there was no evidence of interference with RSVfl(O) by RAVz or AMV. Early interference was not as strong as late interference because of inadequacy of the concentration of viruses. 
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Absence of an interfering agent in RSVfl(O) stocks
The possible presence of a helper virus conferring fl properties on RSVfl(O) was suggested in the preceding paper (Weiss, 1969 ). An attempt was made to demonstrate such an agent by interference (Table 4) . Secondary cultures of susceptible Brown Leghorn cells were infected with 0.2 ml. of a series of fourfold dilutions of RSVfl(O). The cultures were split on the fourth, seventh and tenth days after infection and challenged on the eleventh day with RSVfl(O), RSV(RAV)t and RSV(RAV2). No RIF was detected which interfered with these pseudotypes. A similar experiment using quail cells was also negative. 
Neutralization of RSV by antisera
The cross-neutralization patterns by antisera of different types and pseudotypes of RSV is given in Table 5 . The tabulated surviving fractions represented mean values over separate assays of antisera from three donor hens for each type of immunizing virus (except for BrI-RSV(RAV I) where one sample only was available). Each antiserum was assayed by infecting two cultures with the neutralized virus in two or more experiments. Antisera from the three hens immunized against each virus type possessed consistent cross-neutralizing patterns.
RSVfl(O) was neutralized by its own antiserum only. Antisera prepared against RAV2 neutralized other sub-group B viruses as expected, but antisera against H-RSV were more type specific, only reacting weakly with other sub-group B viruses. Imperfect cross-neutralization within sub-groups was observed by Ishizaki & Vogt (1966) and Chubb & Biggs (I968). Antisera against RAV2 also partially inactivated BH-RSV (RAV 5o), thus increasing the suspicion arising from the interference data that RAV 50 contained a sub-group B component. The slight decrease in surviving fraction (0.8) found for ~H-RSV(RAV2) treated with anti-RSVfl(O) sera was statistically, if not immunologically, significant (P < o-oi). The slight enhancement of focus forming efficiency of heterologous viruses incubated with anti-RAV I serum was also statistically significant (P < o-oI).
Cross-neutralization of RSV(O) and sR-RSV-H
A sample of antiserum prepared against sR-RSV-H, a virus provisionally classified as sub-group D (Bauer & Graf, I969) , was found to be active against RSVfl(O). Antiserum against SR-RSV-H effectively neutralized RSVfl(O) from two independent sources when assayed on either chick or quail cells (Table 6 ). Anti-RSV(RAV2) serum did not have a noticeable effect on RSV/?(O) in this experiment, but neutralized sR-RSVs of sub-groups B and D. Antiserum against RSV/?(O) prepared in a quail strongly neutralized RSVfl(O) stocks grown in quail or chick ceils in this laboratory and moderately neutralized a stock of RSVfl(O) kindly provided by Dr P. K. Vogt. The focus forming efficiency of sR-RSV-a on chick cells was not reduced by antiRSVfl(O) serum but that of sR-RSV-H was significantly reduced only when assayed on chick cells which were susceptible to RSVfl(O). SR-RSV-rI had a higher focus forming (Weiss, 1969) .
Immunization of chickens and quails with RSV(O)
Most birds inoculated with RSV (O) did not synthesize antivirus antibodies (Table 7) . Two out of five Brown Leghorn hens developed tumours following inoculation of undiluted RSVfl(O) but neither they nor the resistant hosts produced antiserum. Only three out of nine Japanese quails inoculated with io -1 dilution of RSVfl(O) produced detectable antibody, and the sera of three quails which developed tumours following inoculation of RSVec(O) (Weiss, I969) did not neutralize RSVfl(O).
There was no apparent relationship between the state of the tumour and production of antibody. The tumours of quails nos 34, 96 and 422 were excised; some fragments of non-necrotic tumour tissue were fixed and processed for electron micoscopy while other fragments were homogenized and assayed for infectious virus. Less than one virus particle per Ioo cell sections was found cytologically, and infectious virus was detectable (approximately Io 2 f.f.u./ml. 2o ~/o tumour homogenate) in quail no. 96 alone. RSVfl(O) was probably not markedly antigenic at low concentrations. The tendency of quail tumours to grow persistently without regression suggested that transplantation immunity was also weak.
Attempts to immunize chickens against RSVfl ( O) using L-R cells
Because direct inoculation of chickens with RSVfl(O) did not stimulate the synthesis of neutralizing antibodies, chickens were immunized with L-R line six cells, which produce relatively large amounts of RSVfl(O). Seven Brown Leghorn hens were inoculated in the wing-web with IOn cells from cultures containing about IO % L-R cells. Tumours appeared within 5 days in all hens, and in all but one regressed again within 4 weeks. The hens were bled when the tumours regressed and their sera were assayed for neutralizing antibodies to RSVfl(O), RSV(RAV I) and RSV(RAV2) by plating virus incubated with the sera on to Brown Leghorn cells (Table 8 , UCL nos 92 to 469). No neutralizing activity against any RSV pseudotype was detectable when surviving fractions were compared to those of control virus or virus incubated with pre-immunization sera. The lack of activity against RSV(RAV I) agreed with the results of Hanafusa et al. (1964) but not with those of Harris (I967) who found that several Brown Leghorns immunized with L-R cells developed antisera against BRYAN-RSV of unspecified pseudotype. Dr R. J. C. Harris very kindly provided samples of nine of the sera in his experiments and these were tested in the same way as the UCL sera (Table 8 , Mill Hill nos I to IO). While there was no significant neutralization of RSVfl(O), several sera neutralized either RSV(RAV I) or RSV(RAV2) or both. The active samples were consistent with Dr Harris's observations (personal communication). It is difficult to interpret the properties of the Mill Hill sera. Pre-immunization sera were not available. All the chickens were innoculated with cells from the same L-R line which gave no other indications of contamination with helper viruses. The Mill Hill Brown Leghorn chickens and embryos were apparently leukosis-free in all other studies (R. J. C. R.A. WEISS Harris, personal communication). The lack of antibodies against RSVfl(O) in UCL and Mill Hill chickens is also puzzling.
Tumours reappeared in the wing web of two UCL hens, nos 92 and 98, about 2 weeks after regression of the primary tumour. A similar phenomenon was recorded by Hanafusa et al. (1964) and Harris (1967) . The Brown Leghorns are not a highly inbred strain and the first regression may have been due to an immunological reaction against normal cell antigens rather than to tumour specific transplantation antigens. The secondary tumours may have developed from host cells infected with RSVfl(O) . No neutralizing antibodies appeared in the sera of hens 92 and 98 during regression of secondary tumours. The equivalence of defining sub-groups by host range, serological cross-reaction and interference patterns is not a rule without exceptions (Vogt et al. I967) . Antigenic specificity is sometimes restricted to the virus type within the sub-group. The wide interfering properties of sub-group B viruses have been interpreted by Bauer & Graf (I969) as evidence for the existence of two types of virus envelope antigens corresponding to two types of cellular receptors, a receptor being defined as that factor which determines the genetic susceptibility of cells to a given avian tumour virus. According to this hypothesis, sub-group D viruses and RSVfl(O) each have a common antigen with sub-group B and will be interfered with on cells bearing the corresponding receptors to the common antigen. The behaviour of RSVfl, (O) fits this hypothesis to some extent though not entirely. All chick embryos which are susceptible to RSVfl(O) are susceptible to sub-group B viruses, but not vice versa. If the cells with dual susceptibility carried both the sub-group B specific receptors and the common receptors, they would be expected to have a higher efficiency of plating for RSV(RAV2) than cells which are resistant to RSVfl(O), but this was not found to be so (Weiss, I969) . Preliminary evidence does, however, suggest an enhanced efficiency of plating of sub-group D viruses on cells susceptible to RSVfl(O) which is removed by'treating the virus with antiserum against RSVfl(O). Another awkward fact for the two antigen/ receptor hypothesis in relation to RSVfl (O) is that sub-groups B and D are not infectious for quails yet antiserum against sub-group D neutralizes RSVfl(O) when assayed on both chicks and quails.
Little is known concerning host cell receptors other than their sub-group specificity and its genetical control. The distribution of receptor sites in the cells is not known. Cross-interference patterns could be explained on the hypothesis that two receptors occur at closely adjacent sites so that the binding of a virus to one receptor blocks the availability of the other, though this would not explain the partial serological crossneutralization of B and D sub-groups observed by Bauer & Graf (1969) . Alternatively, it is possible to envisage a receptor site having a degree of affmity for a virus envelope protein enough to allow the virus to cause specific interference without allowing penetration, and such a case would be detectable by early interference. However, early interference studies did not reveal any affinity of sub-group B viruses for RSVfl(O) receptor sites on quail cells. Sub-group D viruses should be tested in the same way.
The enhancement of focus forming efficiency of RSV by infection with leukosis viruses of different sub-groups (Vogt & Ishizaki, I966; Hanafusa & Hanafusa, I967) , and to a lesser extent by antisera (cited by Vogt, I967b ) was confirmed. Enhancement is also effected by the polycation, diethylaminoethyl-dextran (Vogt, I967 b) . Enhancement occurs for sub-groups B and C and RSVfl(O), but it is not found for sub-group A. It does not affect the pheno-type defining resistance or susceptibility but appears to increase adsorption of virus to susceptible cells, and occurs too quickly to depend on new receptor synthesis (Vogt, I967b; Hanafusa & Hanafusa, I967) . The mechanism of enhancement is not known. The quantitative response to avian tumour viruses is also influenced by the constitution of the host. Variability of response is greater for subgroup B than A, and of a different order of magnitude for RSVfl(O) (Weiss, I969) . The control of quantitative sensitivity might be related to physiological enhancement.
The ability of sera from chickens immunized with L-R cells to neutralize agYAr~ RSV(RAV), reported by Harris (I967), was confirmed for those particular sera, but was not repeatable in other chickens. None of the sera neutralized RSVfl(O). The failure to obtain antisera against RSVfl(O) in all chickens and several quails might be due to the small amount of virus produced by L-R cells. Alternatively, the failure to immunize Brown Leghorn chickens might be due to immunological tolerance of the 'fl' antigen. Chickens which are congenitally infected with avian leukosis viruses become immunologically tolerant (Rubin, 1962) . The presence of a helper virus for RSVfl(O) was not detectable by interference assays but the possibility of its existence should not be ignored (Weiss, 1969) .
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